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© Digital DNA typing. 
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© To sequence DNA automatically, fluorescently 
marked DNA are electrophoresed in a plurality of 
channels through a gel electrophoresis slab; wherein 
the DNA samples are resolved in accordance with 
the size of DNA fragments in the gel electrophoresis 
slab into fluorescently marked DNA bands. The sep- 
arated samples are scanned photoelectrical^ with a 
laser and a sensor, wherein the laser scans with 
scanning light at a scanning light frequency within 
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the absorbance spectrum of said fluorescently 
marked DNA samples and light is sensed at the 
emission frequency of the marked DNA. The light is 
modulated from said laser at a predetermined modu- 
lation frequency and fluorescent light emitted by 
said DNA bands at said modulation frequency is 
detected, whereby background noise from the me- 
dium through which the light is transmitted is dis- 
criminated against. 
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This invention relates to the sequencing of 
DNA strands. 

In one class of techniques for sequencing 
. 'lA f identical strands of DNA are marked. The 
-ands are separated into four aliquots. The 
strands in a given aliquot are either individually 
cleaved at or synthesized to any base belonging to 
only one of the four base types, which are adenine, 
guanine, cytosine and thymine (hereinafter A, G f C 
and T). The adenine-, guanine-, cytosine- and 
thymine-terminated strands are then electrophores- 
ed for separation. The rate of electrophoresis in- 
dicates the DNA sequence. 

The DNA strands are marked with a radioactive 
marker or fluorescent marker, cleaved at any base 
belonging to a base type unique to the aliquot in 
which the strands are contained, and after being 
separated by electrophoresis, the radiation is de- 
tected. It is known to detect fluorescent light in a 
continuous process with photocel detectors. 

In another prior art sequencing technique of 
this class, single strands are synthesized to any 
base belonging to a base type unique to the aliquot 
in which the strands are contained. The strands are 
marked radioactively or with fluorescent markers 
for later detection as described above. 

It is also known in the prior art to use fluores- 
cent markers for marking proteins and to pulse the 
fluorescent markers with light to receive an indica- 
i of the presence of a particular protein from the 
uuorescence. 

In a technique related to DNA sequencing, 
used to identify restriction fragment length poly- 
morphisms (RFLPs), DNA strands, cut by restric- 
tion enzymes, are separated into bands by elec- 
trophoresis and moved at right angles onto a blot- 
ting matrix containing radioactively labelled probes 
for identification. 

Digital DNA Typing using radioactivity labeling 
and transfer by blotting is known in the prior art 
from Jeffreys, A, A. MacLeod, K. Tamaki, D. Neil, 
and D Monckton. Minisatellite repeat coding as a 
digital approach to DNA typing. Nature 354:204^ 
209, 1991. This method of digital typing has the 
disadvantages of requiring radioactivity, being time 
consuming and limited on the number of DNA 
bases that can be considered. 

It is a task of the invention to provide a tech- 
nique for digital DNA typing using continuous on 
line optical DNA sequencing. 

In accordance with the invention a method of 
typing DNA, comprises amplifying at least certain 
bases on a selected locus of the DNA using PCR, 
wherein the selected locus has variability in its 
luence, marking at least some of the bases; 
. plying DNA fragments to at least at one of a 
plurality of locations for electrophoresing in at least 
one of a plurality of channels through a gel elec- 



trophoresis slab; establishing electrical potential 
across sad gel electrophoresis slab wherein the 
DNA fragments are resolved in accordance with the 
size of DNA fragments in said gel electrophoresis 
5 slab into fluorescently marked DNA bands and 
detecting the separated bands. 

This method is characterized in that at least 
some of the bases are flourescently marked and a 
laser scans the bands at a scanning light frequency 
70 within the absorbance spectrum of said fluorescen- 
tly marked DNA, light is sensed photoelectricaliy at 
the emission frequency of the marked DNA frag- 
ments, and after sequencing, the sensed labels 
from the .pa patterns are compared, wherein in- 
15 dividuais are identified. 

In this method, light emitted from a diode laser 
is scanned across said channels and fluorescent 
light emitted by said fluorescently marked bases is 
detected by scanning across said channels with a 
20 microscope focused on the bands receiving said 
light. The light is sensed at the emission frequency 
of the marked DNA, whereby the time sequence of 
separated bands may be obtained. 

Fluorescently marked alleles are applied to a 
25 plurality of channels of gel and the channels are 
scanned with light emitted from a laser. Fluores- 
cent light is emitted by said fluorescently marked 
strands, whereby the time sequence of separated 
bands may be obtained wherein the light from said 
30 laser is in the band incorporating at least the near 
infrared and infrared regions and said detector re- 
sponds to light in a band including at least said 
near infrared and infrared regions. The microscope 
and diode laser are moved together across said 
35 channels to perform said scanning. The light from 
the diode laser is scanned at an angle chosen to 
impinge on the bands with full intensity after refrac- 
tion but not be reflected into the microscope and 
the light from the diode laser is scanned at an 
40 angle to the surface being scanned equal to the 
Brewster's angle. 

The apparatus for typing DNA comprises a gel 
electrophoresis slab; means for establishing elec- 
trical potential across the gel electrophoresis slab; 
45 means for applying DNA samples at a plurality of 
locations for electrophoresing in a plurality of chan- 
nels through said gel electrophoresis slab; means 
for separating DNA samples in accordance with the 
size of DNA fragments in said gel electrophoresis 
so slab and means for detecting bands of separated 
DNA. 

The apparatus is characterized in that the 
means for sensing light includes photocell means 
for scanning the separated samples photoelectrical- 
55 . ly at the emission frequency of the marked DNA, 
and means for comparing the sensed patterns of 
DNA, the means for scanning including a laser 
wherein bases are detected from the patterns so 
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that individuals are identified. 

The apparatus includes means for scanning 
across channels at the same time fiuorescentJy 
marked ONA is electrophoresed along said ge! so 
that the bands of the more mobile strands in at 5 
least one channel are fully resolved while some of 
the less mobile strands to be later formed into 
bands are unresolved in a continuous process, said 
laser being a diode laser and the sensor including 
a microscope focused on the bands receiving said w 
light for detecting the bands. 

Moreover, the means for applying includes 
means for applying fluorescently-marked alleles to 
a plurality of channels of said gel and the means 
for scanning across the channels includes means 75 
for scanning across said channels with light emitted 
from a laser in a band incorporating at least the 
near infrared and infrared regions. The detector is 
responsive to light in a band of wavelengths includ- 
ing at least said near infrared and infrared regions. 20 

The apparatus includes means for moving said 
microscope and diode laser together across said 
channels to perform said scanning, wherein the 
fight from the diode laser is scanned at an angle 
chosen to impinge on the bands with full intensity 25 
after refraction but not be reflected into the micro- 
scope and the light from the diode laser is scanned 
at an angle to the surface being scanned equal to 
. the Brewster's angle. 

From the above summary, it can be under- 00 
stood that the sequencing techniques of this inven- 
tion have severai advantages, such as: (1) they 
tjake advantage of resolution over time, as opposed 
to space; (2) they are continuous; (3) they are 
automatic; (4) they are capable of sequencing or 35 
identifying markers in relatively long strands includ- 
ing strands of more than 100 bases; and (5) they 
are relatively economical and easy to use. 

SUMMARY OF THE DRAWINGS 40 

The above noted and other features of the 
invention will be better understood from the follow- 
ing detailed description when considered with ref- 
erence to the accompanying drawings in which: 45 

FIG. 1 is a block diagram of an embodiment of 

the invention; 

FIG. 2 is a block diagram of another embodi- 
ment of the invention; 

FIG. 3 is a simplified perspective view of a 50 
portion of the embodiment of FIGS. 1 and 2; 
FIG. 4 is a block diagram of a portion of the 
embodiment of FIGS. 1 and 2; 
FIG. 5 is a schematic circuit diagram of a prot- 
ion of the embodiment of FIGS. 1 and 2; 55 
FIG. 6 is a schematic circuit diagram of a por- 
tion of the schematic diagram of FIG. 5; 



FIG. 7 is a block diagram of still another em- 
bodiment of the invention; 
FIG. 8 is a block diagram of still another em- 
bodiment of the invention; 
FIG. 9 is a block diagram of another embodi- 
ment of the invention; 

FIG. 10 is a perspective view of a portion of the 
embodiment of FIG. 9; 

FIG. 11 is a sectional view taken through lines 
11-11 of FIG. 10; 

FIG. 12 is a sectional view of a portion of FIG. 
10 taken through lines 12-12; 
FIG. 13 is an exploded perspective view of a 
portion of the embodiment of FIG. 1 1 ; 
FIG. 14 is an enlarged view, partly broken away, 
of a portion of the embodiment of FIG. 1 1 ; and 
FIG. 15 is a block diagram of a circuit that may 
be used for coordination of a sensor, scanner 
drive and laser used in the embodiment of FIG. 

DETAILED DESCRIPTION 

In FIG. 1, there is shown a block diagram of 
one embodiment of a DNA sequencing system 10 
having a biotin labeling system 11, a DNA cleavage 
system 12, a separating system 14, a detection 
and processing system 16 and a source of stan- 
dard length DNA 18. The biotin from any suitable 
commercial source is attached to the cloned 
strands of more than 100 bases in a container as 
indicated at 11. The biotin preparation must be 
sufficient to mark at least one end of a substantial 
proportion of the DNA fragments with the biotin in a 
manner known in the art. 

Although biotin has been selected as one 
marker which may be combined later with a larger 
fluorescently marked molecule such as avidin, oth- 
er markers may be used. Such markers may be 
fluorescent and therefore do not require the subse- 
quent combination with a larger fluorescently 
marked molecule such as avidin. In addition, mul- 
tiple fluorescent markers may be attached to the 
DNA fragments They must be of such a size and 
have such chemical characteristics to not obscure 
the normal differences in the mobilities between 
the different fragments due to cleavages at dif* 
. ferent ones of the adenine, guanine, cytosine and 
thymine bases and be able to be easily detected. 

The DNA cleavage system 12 communicates in 
four paths and the source of standard length DNA 
18 communicates in one path within the separating 
system 14 to permit passage of DNA fragments; 
and standard fragments thereto in separate paths. 
The separating system 14, which sequences 
strands by separation, communicates with the de- 
tection and processing system 16 which analyzes 
the fragments by comparison with each other and 
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the standard from the source of standard length 
DNA 18 to derive information about the DNA se- 
quence of the original fragments. 
( The DNA cleavage system 12 includes four 
1 .jurces 20A, 20G. 20C and 20T of fragments of 5 
the same cloned DNA strand. This DNA strand is 
normally greater than 100 bases in length and is 
then further cleaved by chemical treatment to pro- 
vide different lengths of fragments in each of four 
containers 20A, 20G f 20C and 20T. w 

In one embodiment the container 20A contains 
fragments of DNA strands randomly cieaved by a 
chemical treatment for A, the container 20G con- 
tains fragments of DNA strands randomly cleaved 
by a chemicai treatment for G; container 20C con- 75 
tains fragments of DNA strands randomly cleaved 
by a chemical treatment for C; and container 20T 
contains fragments of DNA strands randomly cieav- 
ed by a chemical treatment for T. Thus, identical 
fragments in each container have been cleaved at 20 
different bases of a given base type by the appro- 
priate chemical treatment. 

The fragments in the containers are respec- 
tively referred to as A-DNA fragments. G-DNA frag- . 
ments, C-DNA fragments and T-DNA fragments 25 
from the containers 20A, 20G, 20C and 20T, re- 
spectively. These fragments are flowed from the 
containers 20A, 20G, 20C and 20T through cor- 
responding ones of the conduits 22A, 22G. 22C 
f i 22T into contact with the separating system 30 
1 4. In the preferred embodiment, conduits 22A, 
22G, 22C and 22T represent the pipetting of sam- 
ples from containers 20A. 20G t 20C and 20T into 
the separately system 14. 

The source of standard length DNA 18 includes 35 
a source of reference DNA fragments of known but 
different lengths which are flowed through a con- 
duit 22S, such conduit including, but not limited to 
a pipetting operation to the separating system 14. 
These reference fragments have known lengths aq 
and therefore their time of movement through the 
separating system 14 forms a clock source or 
timing source as explained hereinafter. The cioned 
strands of 100 bases may be marked with biotin or 
with one or more fluorescent molecules before 45 
being divided into four batches or they may be 
marked instead after dividing into four batches, but 
before the selected chemical treatment. 

The separating system 14 includes five elec- 
trophoresis channels 26S, 26A, 26G t 26C and 26T. so 
The electrophoresis channels 26S. 26A, 26G, 26C 
and 26T include in the preferred embodiment, gel 
electrophoresis apparatus with each path length of 
gel being identical and having the same field ap- 
"^d across it to move samples continuously 55 
jugh five channels. The gels and fields are 
selected to provide a mobility to DNA strands that 
does not differ from channel to channel by more 



than 5% in velocity. In addition, the . field may be 
varied over time to enhance the speed of larger 
molecules after smaller molecules have been de- 
tected, as well as to adjust the velocities in each 
channel based on feedback from the clock channel 
to compensate for differences in each channel 
such that the mobilities in each channel are within 
the accuracy required to maintain synchronism 
among the channels. 

Preferably the gels are of the same materials, 
chemicai derivatives and lengths and the electric 
fields are within 5% of the intermediates of each 
other in each channel. However, more than one 
reference channel can be used such that a refer- 
ence channel is adjacent to a sample channel in 
order to minimize the requirements for uniformity 
of DNA movement in the gel for all channels. 

The electrophoresis channel 26S receives frag- 
ments of known length DNA marked with biotin or 
with one or more fluorescent molecules and moves 
them through the gel. Similarly, each of the elec- 
trophoresis channels 26A, 26G, 26C and 26T re- 
ceives labeled fragments from the cleavage system 
12 and moves them in sequence through the sam- 
ple electrophoresis channels, with each being 
moved in accordance with its mobility under a field 
identical to that of the reference electrophoresis 
channel 26S. 

To provide information concerning the DNA 
sequence, the detection and processing system 16 
includes five avidin sources 30S, 30A, 30G, 30C 
and 30T; five detection systems 32S, 32A, 32G, 
32C and 32T and a correlation system 34. Each of 
the avidin sources 30S. 30A, 30G, 30C and 30T is 
connected to the detecting systems 32S, 32A, 32G, 
32C and 32T. Each of the outputs from corre- 
sponding ones of the electrophoresis channels 
26S, 26A, 26G, 26C and 26T within the separating 
system 14 is connected to a corresponding one of 
the detection systems 32S, 32A, 32G, 32C and 
32T. 

In the detection system, avidin with fluorescent 
markers attached and DNA fragments are com- 
bined to provide avidin marked DNA fragments 
with fluorescent markers attached to the avidin to a 
sample volume within the detection system for the 
detection of bands indicating the presence or ab- 
sence of the fragments, which over time relates to 
their length. In the embodiment where the DNA 
strands are marked with one or more fluorescent 
markers rather than with biotin, it is not necessary 
to combine such DNA strands with avidin, and the 
DNA strands are moved directly into the detection 
system. 

The output from each of the detection systems 
32S ( 32A, 32G, 32C and 32T are electrically con- 
nected through conductors to the correlation sys- 
tem 34 which may be a microprocessor system for 
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correlating the information from each of the detec- 
tion systems to provide information concerning the 
DNA sequence. 

The avidin sources 30S, 30A, 306, 30C and 
30T each contain avidin purchased from known 
suppliers, with each avidin molecule in the pre- 
ferred embodiment combined with three fluorescein 
molecules. The avidin sources are arranged to con- 
tact the DNA fragments and may be combined with 
the biotin-labelled DNA strands after such strands 
have been electrophoresed onto a moving blotting 
membrane. 

The detection systems each include an optical 
system for detecting the presence or absence of 
bands and converting the detection of them to 
electrical signals which are applied electrically to 
the correlation system 34 indicating the sequence 
of the fragments with respect to both the standard 
fragments from the source of standard length DNA 
18 and the A, G, C and T fragments from the 
containers 20A, 20G, 20C and 20T, respectively. 

In FIG. 2, there is shown a simplified block 
diagram of another embodiment of DNA sequen- 
cing apparatus A10. This apparatus is similar to the 
DNA sequencing apparatus 10 of FIG. 1 and the 
components are identified in a similar manner with 
the reference numbers being prefixed by the letter 
A. 

In this embodiment, instead of the containers 
or DNA and chemical treatment for A, G, C and T 
of the embodiment of DNA sequencing system 10 
shown at 20A t 20G, 20C and 20T in FIG. 1, the 
DNA sequencing apparatus A10 includes contain- 
ers for treatment of the DNA in accordance with the 
method of Sanger described by F. Sanger, S. Nic- 
klen and A.R. Coulson, "DNA Sequencing with 
Chain-Terminating Inhibitors Proceedings of the 
National Academy of Science, USA , Vol. 74^ Na 
12, 5463-5467, 1977, indicated in the embodiment 
A10 of FIG. 2 at A20A, A20G, A20C and A20T 
shown as a group generally at A12. 

in this method, the strands are separated and 
used as templates to synthesize DNA with synthe- 
sis terminating at given base types A, G, C or T in 
a random manner so as to obtain a plurality of 
different molecular weight strands. The limited syn- 
thesis is obtained by using nucleotides which ter- 
minate synthesis and is performed in separate con- 
tainers, one of which has the special A nucleotide, 
another the special G nucleotide, another the spe- 
cial C nucleotide and another the special T 
nucleotide. These special nucleotides may be 
dideoxy nucleotides or marked nucleotides, both of 
which would terminate synthesis. Such marked 
nucleotides may be fluorescent. Each of the four 
jatches will be terminated at a different one of the 
types of bases A, G, C and T randomly. This 
synthesis takes place in containers A20A, A20G, 



A20C and A20T. 

In the preferred embodiment of FIG. 2, the 
template fragments are hybridized with a DNA 
primer having one or more fluorescent markers 
5 attached to it as shown at A1 1 before being applied 
to the channels indicated at A12 in FIG. 2. The 
design of fluorescently-labelled primers takes ad- 
vantage of the process of designing small DNA 
fragments known as oligonucleotides. This process 
ro is described in the scientific and patent literature, 
such as for example U.S. patent 4,415,732, the 
disclosure of which is incorporated herein. 

The synthesized strands, labelled by the 
fluorescently-marxed primers, are electrophoresced 
75 in channels A26A, A26G. A26C and A26T. After the 
electrophoresis, the synthesized DNA fragments 
with the attached fluorescently-labelled primer are 
detected by the detection system using a 
wavelength of light appropriate to the emission 
20 spectrum of the fluorescent markers. 

In FIG. 3, there is shown a separating system 
14 which includes a slab of gel 27 as known in the 
art with five sample dispensing tubes indicated 
generally at 29A terminating in aligned slots 51 in 
25 the gel 27 on one end, with such slots in contact 
with a negative potential buffer well 29 having a 
negative electrode 47A, and five exit tubes at the 
other end located at 31 A terminating in apertures in 
. the gel 27, as well as a positive potential buffer 
30 well 31 having a positive electrode 53A. 

The material to be electrophoresed is inserted 
into dispensing tubes 29A and due to the field 
across the gel 27 moves from top to bottom in the 
gel and into the appropriate corresponding exit 
35 tubes of the group 31 A. The gel slab 27 has glass 
plates 27A and 27B on either side to confine the 
sample and gel. Buffer fluid from the buffer well 31 
is pumped at right angles to the gel 27 from a 
source at 57 by pumps connected to exit tubes 
40 31A to pull fluid there through. The buffer fluid 
picks up any DNA that is electrophoresed into the 
exit tubes 31 A and makes its way to sensing 
equipment to be described hereinafter or to provide 
communication with other gel slabs for futher elec- 
ts trophoresis of the DNA strands being elec- 
trophoresed from the slab 27. 

In FIG. 4, there is shown a block diagram of 
the detection system 32A. The detection systems 
32S, 32G, 32C and 32T (not shown in FIG. 4) are 
so substantially identical to the detection system 32A 
and so only the system 32A will be described in 
detail herein. The detection system 32A includes 
an electrophoresis channel 42 (which may be a 
continuation of electrophoresis channel 26A as in- 
55 dicated in FIG. 1), a sample volume 43 (which may 
be part of electrophoresis channel 42), a light 
source 44 and an optical detection system 46. 
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In one embodiment, avidin marked with 
fluorescein in fluorescenated-avidin source 40 is 
brought into contact with the gei which receives A 
f ^ terminated strands from electrophoresis chan- 
..vi 26 A (FIG. 1) on conduit 48 and such s 
fluorescein-labeiled avidin is attached to the biotin- 
labelled DNA fragments. The electrophoresis chan- 
nel 42 may be a continuation of electrophoresis 
channel 26A for continuous elecfrophoresing. After 
the fluorescein-labeiled avidin is attached to the w 
biotin-iabelled DNA in the electrophoresis channel 
42, the complex molecule is moved into the sam- 
ple volume 43. 

The sample volume 43 is irradiated by the light 
source 44. Light from the light source 44 is de- 75 
tected and converted to electrical signals by the 
optical detection system 46 for application through 
a conductor 50A to the correlation system 34 (FIG. 
1). In one embodiment, the fluorescenated-avidin 
source 40 contains a fluorescent marker having a 20 
period of fluorescence sufficiently long compared 
to background fluorescence of the gel and asso- 
ciated materials to permit significant separation of 
the signal from the fluorescence. 

The light source 44 includes a pulsed light 25 
source 52 and a modulator 54. The pulsed light 
source 52 is selected to emit light within the absor- 
bance spectrum of the fluorescent marker. In one 
embodiment, the modulator 54 controls the pulsed 

it source 52 to select intervals between pulses, 30 
tne intervals being provided to permit the decay of 
fluorescent light from the background fluorescent 
material, during which time the fluorescent light 
from the fluorescent markers is measured. 

These time periods between pulses are suffi- 3s 
ciently long to emcompass the entire delay period. 
This is done because the delay period of the 
attached fluorescent marker is relatively long com- 
pared to background noise fluorescence and so a 
period of time may pass before the measurement 40 
is made by the optical detection system 46. Typi- 
cally, the pulse of light has a duration of approxi- 
mately three nanoseconds and the background flu- 
orescence decay lasts for approximately ten 
nanoseconds while the fluorescent marker has a 45 
decay lifetime of 100 nanoseconds. 

Typically, the optical detection system 46 be- 
gins reading at approximately 50' nanoseconds 
after the initiation of the excitation pulse from a 
laser and continues for approximately 150 so 
nanoseconds until 200 nanoseconds after the initi- 
ation of the three nanosecond pulse. Although in 
this embodiment, a pulsed laser light source 52 is 
utilized, a broad band light source combined with 
**rs or a monochrometer may be utilized to pro- 55 
.a the narrow band in the absorption spectrum of 
the marker. 



Another embodiment uses an electro-optic 
modulator which modulates a continuous light 
source at a frequency typically at 10 khz, with 
essentially 100% depth of modulation and 50% 
duty cycle. A pulse generator provides a signal 
both to the modulator through a driver and to a 
lock-in amplifier as a reference signal. Another em- 
bodiment provides modulation of a laser diode light 
source through the pulsing of the drive current to 
the laser diode. Modulation may typically be at 
frequencies between 100 and 15,000 hz with a 
50% duty cycle. A lock-in amplifier is used to 
synchronously demodulate the fluorescent signal. 
Another embodiment uses a spinning chopping 
wheel to modulate a continuous light source. Be- 
cause the background fluorescence signal from 
glass (soda lime, borosilicate, quartz, etc.) has a 
larger time constant than that of the fluorescent 
marker, temporal discrimination is accomplished by 
modulating the light source. Still another embodi- 
ment uses a continuous light source with no modu- 
lation. 

To detect the bands in the electrophoresis gei 
of the electrophoresis channel 42 indicating par- 
ticular DNA fragments, the optical detection system 
46 includes certain viewing optics 60, a filter 62, 
and an optical detection system 64. The filter 62 
selects the wavelength of light transmitted through 
it by the viewing optics 60 which focuses the light 
onto the optical detection system 64. The optical 
detection system 64 is electrically connected to the 
modulator 54. The signal on conductor 50A in- 
dicates the presence or absence of a band of DNA 
fragments in the sample volume 43. 

The filter 62 in this embodiment includes an 
interference filter having a pass band correspond- 
ing to the high emission spectrum of the fluores- 
cent marker. Such filters are known in the art and 
may be purchased from commercial sources with 
bands to correspond to common emission bands of 
fluorescent markers. In addition, there may be 
long-wavelength-passing interference filters and/or 
colored glass filters. Another embodiment uses a 
monochrometer instead of a filter. 

The viewing optics 60 consists of a lens sys- 
tem positioned in juxtaposition with filter 62 to 
focus light onto- the optical detection system 64. It 
may be any conventional optical system, and the 
optical detection system 64 should include a semi- 
conductor detector or a photomuitipiier tube, such 
as the Model R928 made by Hamamatsu, Japan. 

In the first embodiment, the output of the 
photomuitipiier or semiconductor detector is gated 
in response to the signals from the modulator 54 to 
occur after a time delay after each pulse from the 
pulsed laser light source 52. For example, a time 
delay may be included before the electrical signal 
is applied to an amplifier and thus provide an 
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electrical signal to the conductor 50A or to an 
amplifier, the output of which is electrically con- 
nected to the conductor 50A. In the preferred em- 
f bodiment, the time delay is 50 microseconds and 
the gate or amplifier is maintained opened by a 
Z' monostable multivibrator for approximately 150 

nanoseconds. In a second embodiment, the square 
wave output of a modulator is used as a reference 
for the signal from the detector, with a lock-in 
amplifier providing synchronous demodulation. In a 
third embodiment, no modulation is performed. 

In FIG. 5, there is shown a block diagram of 
the correlation system 34 having a standard chan- 
nel input circuit 70S, a gating system 72. a de- 
coder 74, a memory 76 and a read-out system 78. 
An OR gate 74S is electrically connected to: (1) the 
standard channel input circuit 70S; (2) other chan- 
nels 70A, 70G, 70C and 70T; and (3) the gating 
system 72. The gating system 72 receives channel 
input signals from each of the channels 70A, 70G, 
70C, and 70T similar to that of channel 70S. 

The OR gate 74S is electrically connected to 
the memory 76 which receives signals from de- 
coder 74 indicating the presence of DNA fragments 
in the particular one of the nucleic acid bases or in 
the standard channel. The memory 76 is elec- 
trically connected to the read-out system 78 to 
print out ^ e soquonce. 
' * : Th© standard channel input circuit 70S includes 

i a pulse shaper 82S, a binary counter 84S, and a 
latch 86S, with the input of the pulse shaper 82S 
being electrically connected to a conductor SOS 
and its output being connected to OR gate 74S. 
The output of the binary counter 84S is connected 
to the latch 86S to provide a time increment signal 
to the latch 86S, the output of which is applied to 
one of the inputs of memory 76 when triggered by 
a signal from OR gate 74S. The conductor 50S 
corresponds to conductors 50A, 50G, 50C and SOT 
except that conductor SOS is the output for the 
standard clock channel rather than for adenine, 
guanine, cytosine or thymine. 

The latch 86S and the decoder 74 are pulsed 
by a signal from the OR gate 74S to write into the 
memory 76 for recording with a distinctive signal 
indicating a clock timing pulse which is later print- 
ed to indicate the time that particular DNA seg- 
ments have been received and detected in the 
detection system 32A, 32G, 32C and 32T (FIG. 1). 
The binary counter 84S receives clock pulses from 
clock 80 to which it is connected and thus contains 
a binary signal representing time for application to 
the latch 86S. 

The gating system 72 includes a decoder 74 
which is electrically connected to four inputs from 
channels 70A, 70G, 70C and 70T respectively, for 
receiving signals indicating the presence of types 
A, G, C ( and T fragments as they appear on input 



conductors 50A, 50G, 50C and SOT. The signals on 
conductors 50A, 50G, 50C and SOT are each ap- 
plied to respective ones of the pulse shapers 82A, 
82G. 82C and 82T, the outputs of which are eiec- 
5 trically connected through corresponding ones of 
the conductors 92A, 92G, 92C, and 92T to different 
inputs of the decoder 74 and to inputs of the OR 
gat© 74S, so that the decoder 74 receives signals 
indicating the presence of a DNA fragment for 
w application to the memory 76 upon receiving a 
signal on conductor 90S from the OR gate 74S. 
The OR gate 74S applies such a signal when 
receiving a signal from any one of the channels 
70S, 70A, 70G, 70C, and 70T, so that the memory 
*5 76 receives clock timing signals and signals in- 
dicating DNA for reading to the readout system 78. 
The output of the decoder 74 is electrically con- 
nected to the memory 76 through a conductor 100. 
In FIG. 6, there is shown a schematic circuit 
20 diagram of the decoder 74 having an OR gate 102 
and a plurality of coding channels 74A, 74G, 74C 
and 74T to respectively indicate fragments termi- 
nating with the bases, adenine, guanine, cytosine 
and thymine respectively. 
25 The coding channel 74A includes AND gate 
106, having its inputs electrically connected to con- 
ductor 92A and 90S to receive on conductor 90S a 
clock signal from the OR gate 74S (FIG. 5) and on 
its other input a signal indicating the presence of 
oo an adenine terminated fragment on conductor 92A. 

Channel 74G includes AND gate 108. AND 
gate 110 and delay line 112. Conductor 92G in- 
dicating a guanine terminated strand is electrically 
connected to the inputs of AND gate 108 and 110. 
35 The output of AND gate 108 is connected to one of 
the inputs of OR gate 102 and the output of AND 
gate 110 is electrically connected through delay 
line 112 to the input of OR gate 102 to provide two 
pulses in succession to OR gate 102. Thus, chan- 
40 nel 74A applies one out pulse from the output of 
AND gate 106 to one of the inputs of OR gate 102, 
whereas channel 74G applies two pulses. In either 
case, the sequence of pulses indicates the pres- 
ence of a particular one of the types of DNA 
45 fragments A or G. 

Similarly, the channel 74C includes AND gates 
114, 116- and 118, each having one of its two 
inputs electrically connected to conductor 92C and 
90S and the channel 74T includes AND gates 120, 
so 122, 124 and 126, each having one of its inputs 
electrically connected to conductor 92T and the 
other connected to conductor 90S. The output from 
AND gate 114 is electrically connected to an input 
of OR gate 102, the output of AND gate 116 is 
55 electrically connected through a delay 128 to the 
: input of OR gate 102, and the output of AND gate 
118 is electrically connected through a delay 130 
longer than the delay 128 to an input of the OR 
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gate 102. With this arrangement, the presence of a 
DNA strand terminating with cytosine results in 
three pulses to the OR gate 102. 
.; 1716 out P u * of AND gate 120 is electrically 
..nnected to an input of the OR gate 102 the 
output of the AND gate 122 is electrically 'con- 
nected through a delay 132 to an input of the OR 
gate 102, the output of AND gate 124 is electrically 
connected through a delay 134 longer than the 
delay 132 to an input of the OR gate 102 and the 
output of AND gate 126 is electrically connected 
through a delay 136 longer than the delay 134 to 
an input of the OR gate 102. In this manner, the 
presence of a thymine-terminated fragment results 
in four signals in series to the inputs of OR gate 
102. The output terminal of OR gate 102 is applied 
to the output conductor 100 so as to provide a 
coded signal indicating the presence of a particular 
DNA group to the memory 76 {FIG. 5) coordinated 
with a clock timing signal. 

in FIG. 7, there is shown a simplified block 
diagram of another embodiment of DNA sequen- 
cing apparatus B10. This apparatus is similar to the 
DNA sequencing apparatus 10 of FIG. 1 and the 
components are identified in a similar manner with 
the reference numbers being prefixed by the letter 
B. However, the strands of DNA are labeled in - 
labeling container B11 with one or more fluorescent 
molecules. Containers for treatment of the strands 
< 'orm fragments to A, G. C or T terminations in 
uirferent containers are indicated in the embodi- 
ments B10 of FIG. 7 at B20A, B20G, B20C and 
B20T shown as a group generally at B12. 

in this method, single-stranded DNA are 
marked with fluorescent dye. In one such method 
the single-stranded DNA are separated into four 
aiiquots at B11 t which are used as templates to 
synthesize DNA with synthesis terminating at given 
base types A, G, C or T in a random manner to 
obtain a plurality of different molecular weight 
strands. The limited synthesis is obtained by using 
nucleotides which will terminate synthesis and is 
performed in separate containers, one of which has 
the special A nucleotide, another the special G 
nucleotide, another the special C nucleotide and 
another the special T nucleotide. These special 
nucleotides may be dideoxy nucleotides or other 
nucleotides, including marked nucleotides, which 
terminate synthesis, so that each of the four 
batches are randomly terminated at a different one 
of the types of bases A, G, C and T. If the 
nucleotides are marked, such marking may be with 
fluorescent markers. After being separated by elec- 
trophoresis, the bands are detected by light 

To mark DNA fragments, the template DNA 
^ds are hybridized with a DNA priming 
oligonucleotide which has a fluorescent marker at- 
tached to it. The marker primer is elongated ran- 



domly to a selected base type. In another embodi- 
ment, the priming DNA oligonucleotide is unmar- 
ked, but synthesis is terminated with a fluorescen- 
tly marked special nucleotide. In either case, the 
5 strands are marked. In the preferred embodiment 
they are marked with a infrared fluorescent mol- 
ecule. 

To mark the DNA strand, a known infrared dye 
is modified to provide the desired wavelengths of 
io maximum absorption and fluorescence. There are 
many such dyes such as for example: (1) 3,3*- 
Diethylthiadicarbocyanine Iodide; (2) 3,3'-Diethyl- 
thiatricarbocyanine Perchlorate; (3) 3,3* Diethyiox- 
atricarbocyanine Iodide; (4) 1,1\3,3,3'-Hex- 
15 amemylindptricarbocyanine Perchlorate; (5) 1,V- 
Diethyi-2,2 , -dicarbocyanine Iodide; (6) 3,3'-Diethyl- 
thiadicarbocyanine Iodide; (7) a^'-Diethyloxatricar- 
bocyanine Iodide; (8) 1 J\3,3.3\3'-Hexamethyiin- 
dotricarbocyanine Perchlorate; (9) 1,r ( 3,3,3 , ( 3'. 
20 Hexamethylindotricarbocyanine Iodide; and (10) In- 
docyanine Green. 

In the preferred embodiment, the dye has the 
formula shown in formula 1, with R being -CH 2 - 
CH 3 . This dye is close to having the desired 
25 wavelength of maximum fluorescence and the 
wavelength of maximum absorbance may be modi- 
fied by changing the functional group R. The un- 
modified dye may be obtained from Laboratory and 
Research Products Division, Eastman Kodak Com- 
30 pany, Rochester, New York 14650. It is advertised 
in the Kodak laser dyes, Kodak publication JJ-169. 

The modifications can be made in a manner 
known in the art. For example, changes occur when 
different esters are formed replacing the ethyl al- 
35 cohol in the original dye molecule (R equal -CH 2 - 
CH 3 of formula 1). If different glycol esters are 
formed, absorption maxima of these new near in- 
frared dyes shift to the longer wavelengths. More- 
over, new dyes may be synthesized rather than 
<o modifying existing dyes in a manner known in the 
art. 

The absorption maximum is dependent on the 
distance of the O atoms in the glycol functional 
group. However, the fluorescence maxima of these 
45 new near infrared dyes are practically at same 
wavelength of the dye of formula 1 t i.e. 819 nm. 
This indicates that only the excitation process has 
changed, i.e. to what energy level the transition 
occurs. The lowest vibronic level of first excited 
so state remains unchanged/The absorption maxima 
of several such esters are: (1) ethylene glycol 796 
nm (nanometers); (2) 1,3-Propanediol 780 nm; (3) 
1,4-Butanediol 754 nm; (4) 1,6-Hexanediol 744 nm; 
(5) Methylene glycol (#4) 790 nm; and (6) IR-144 
55 (R=CH 2 -CH 3 ) 742 nm. 

The modification to 1,3-propanediol is illustrat- 
ed in equation 1. 
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n the preferred embodiment, the fluorescence 

Z TdT, wave,en9th is ^ 819 nano ™"s S 

" a „H f " adjUSted 10 reC8iva «» wavelength 
( and not others by appropriate filtering. The absT 
ton max,ma is selected to be different and to 
correspond to the preferred available laser diode 
em.ss.on. For example, in equation 1. ^a/be 
any of the following four groups, depending on the 

(^rcHTn 0 ! * e emitted ^ ?~ 

(2) -CH 2 -CH 2 -CH 2 -OH for an emission 
preferred embodiment; 

(3) -CH^C^-CH.-C^-CH.-CH.-OH for an 
ern IS s,on wavelength of 745 nanometers; 

(4) -CH J: CH 2 -0-CH 2 -CH 2 -OCH 2 -0-CH 2 -OH for 
an e™ wavelength of 790 nanometers; and 

So nl f" 30 emission wav e'ength of 
810 nanometers. 

usino^Zf 3,111 0U,er dy6S «* meth °* of 
us.ng them are more fully described in United 

States patent application 07/763.230 to Middendorf 

tLiT 66 ' " SeqUendn9 Near In- 
frared Fluorescense Fabeled DNA for Detecting 

Us.ng Laser Diodes" filed September 20. 1991 2 
disclosure of which is incorporated herein by refer! 

In each of the embodiments, the dyes may be 
■ncorporated in probes and primers fo/attachl^ 

onate <Sr * ^ 1,18 "° H 9TOUP P f0vida * appro- 
wS J " ^ 10 C0 " Ven,i0na ' Probes b * «3« 

Intr ,T° P r ate reaCtiV ° flrou P ««* * Primary 
amme^carboxyl.c add groups and the like but £ 
infrared dyes can be modified to have reactive 
groups other than the -OH for this purpo* 

To separate the fragments, the marked frag- 

Zl W , 9aCh ind,Vidua "y Sphere ced 
th ough gel ,n different channels or in different 

although the optional use of one or more referent 

strsr ucas uniformity ™- 

single slab ,s used to migrate several different 
should be suff,c.ently close to one another so tha 
for :l ag l 9radi6nt 3nd * n P«*™ « 

with °, NA fra9mentS ^ in accordance 
w.th the.r length during electrophoresis. Thus toe 
as test migrating fraction is Jfragmem w ch\ 

seol 9 v^"' 9 3,1(1 SinC8 *• ch *™<s are 
separate. ,t ,s known which base A. G, C or T is the 

tat one in the sequence from the channel 

The next band in time in the gel is the mol- 
ecule or molecules which is one bie .onger Z 



baL L ?k Ce ' l enc °Ws both the first 
base and the second one from priming DNA 
ol.gonucteotide. Similarly. th e third fragment to 

. Zllt ST' ! Ufin9 6l ^^ -compa se 
5 the first three base units and so on 

^ Because a large number of bases are to be 
fenced' *« is « "umber of bands of 
DNA strands and the number of strands in each 
band .s relatively low. Thus, the gel and the volteoe 
" field must be selected to provide adequate 5 Z 
ton far detection. The gel slab is suLentiy 'long 
such fat the more mobile bands near the end of 
*e gel are fully resolved while the less mobile 
bands near the entrance end of the ge, are unreal 

Urn C ° ntmU0US Pr0C8SS - M0re 5 P e «'y. at 

til ^° P J° reS,Sin 1,16 9 el Wiethe less mobile 
bands wh,ch are near the entrance end of the oel 
are not fully resolved. 9 

20 a n^° nS 9mb0diment ' *° bands are scanned by 

at i 9 ! 8 ^ ** aPP "' eS PU,Sed or C "°PP^ "9ht 
a a repetibon rate of 100-15.000 hz. The frequency 
of the l,ght in the pulses is within the optimum 

25 iSrT" SP w eCtmm ° f *• " UOrescent The 

£ onr*? USi !! 9 3 ,0Ck -'' n amp "' fier whi <* "ses 
sychronous demodulation to discriminate the flu- 
orescent s,gnal from the DNA strands against Z 
background fluorescent signal, which has a longer 
time constant The resulting electrical signal is am- 
" plified and correlated to pro.de the sequenced 

, n JH F,G "u 8, there iS Snown 3 b,ock diagram of 
another embodiment D 10 of the invention used fo 
identify^ band patterns Qf QNA <°r 

? «* techniques as restriction enzyme cSg 
or polymerase chain reaction (PGR). The DNA 
stands are marked by direct labelling of fluores- 
cent markers to the strands or by detecting 
torescently-labelled probes hybridized ,o the sep- 
arated strands. H 

and mr 1 "' 19 , ^ A * ands With restriction e ^ymes 
and then electrophoresing such strands results in 

frnth^?" 15 kn0W 35 DNA restriclion ^gment 
leng h polymorphisms (RFLP). In restriction fraq 

una usmg polymerase chain reaction (PCR) a 
fingerpnnt or identification of a single type of DNA 

whi^ e m US '? ^ identifyin9 c ^ponents. 
which are: (1) restnction enzymes or PCR primers- 
so and (2) marked probes. P * 

The first component is utilized in a conven- 
tional manner to treat cellular DNA and produce the 
fragments near or within a gene of interest. The 
restnction enzymes cut only at specific nucleotide 
55 p 9 r q n U9nCes - raferred to as recognition sites. The 
PCR pnmers allow amplification of only those DNA 
strands having sequences complementary to such 
pnmers. 1 
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The second component is used to identify the 
nhented nucleotide patterns. To identify Tether! 
•ted nocleotide patterns, which in some cies in- 
( cate a disease or other unique characteristic 
.atterns are obtained indicating the presence of 

X n ir r r by reswction -4 

Z^nT ^ fr ° m 3 number °< of a 
related group such as of a family. These patterns 

aTnoZr* 1 ^ abn ° rma ' pattem ^es ^n 
abnormal gene and may be identified when co^ 

Wth *» P*"" of other members ha^g 

stst" ^ in *• 9roup - ^ a 

bcular gene representing a disease or abnormal 
o other feature of interest such as characSS 
of a particular strain of plant; or the preSncf ^ 
fore,g„ genetic material; or the like is ideS 

m J?k ^ C o St6PS °' RFLP 0r of 9*^9 frag- 
ments by PGR are not by themselves part of the 
.nvem™ but only the method and apparatus de! 
cnbed herein for expediting the obSn^ of t 
patterns by enabling continuous processing in a 
manner simiiar to the other embodiments of L 
-nvention. In this process, the DNA fragment „ 
eOhe, • fluorescent* .abelled directly or nybnSi^d 
w.th fluorescently labelled probes and 2S*S 

eZ^JT Chann6 ' ° 4Z n ° fr « -e 
,nt ° ,h6 Sampte 043. 
wh.ch may. .n actuality, be an extension of the oel 

( dunento of FIGS. 4 and 7. As they flow through 
^ channels, the fragments are detected ZTt 
'toning Mication recorded on the recordeM,? 
The recorder 112 may be a strip chart recorder 
magnet* recorder or any other reco^deTThlch' 
•ndcates the sequence of the fragments for S 
panson w,th other patterns against a time £Te 
fromamrfar cells to provide an 'indication TdS 

To provide an improved DNA typing procedure 
a poor art radioactive technique fZ^Xjol 

£2 , PUrp ° Se ' techni °. u ° described 

n tte aforementioned article. Jeffrey's. A.. A. Mac 

W, o mak> ' °- Neil ' and °- Monckton; Mini 

Sl^IZPjns: Nature 354:204-2^gifis^od? 
£ " V 5ed - -nodMadgn. include usfog a 
32D probe which has an extension of the sle 

primer mat has - 

lerctf ST* S ,T ndn9 *• fra9mente * ^rent 
52/ ' tyP ' n9) aCCOrdi "9 to «» above 

S,r s l3 us,n9 3 denaturin9 ac ^° *S 

^ separation medium; and collecting data in a 
continuous fashion as described above 

Generally a DNA locus that varies'in sequence 

n n d e ^red:r erisOTp,iJ ^ 



Slue^iT ?* aCCOm P ,i5,led by determining the 
sequential typ.ng information and usino the 
quential typing information as a code to id°en% £ 
DNA. Preferably a portion of the locus is antpHfied 
s or a corresponding section of bases for each of 
several iocalities such as tine defined terS n 

PCR to form a plurality of identical strands. The 
^ands are sequentially typed as described above 
" The sequential typing information is then corS 
ered me identification code. The typing infoZZ 
****** in binary fashion for infoLatTcS- 
ed^ by un,ts having two differing base sequel 
stiuctures or ,n ternary fashion for information c£! 
» ed by un,ts having three differing base sequence 
oS^r " ke - 1,19 di9ital com! 

20 formlH 6 " 0 '^ 8 ' 359 ° hain reaction < PCR > * Per- 
*° £nned ,n a standard manner for adequate am- 

pUcrton such as for example the procedure de- 
1987 to M U | |1S , the disc|osure Qf wh £ • 

DISS descnbed ,n Jeffreys. A. J. Neumann. R & 
Wilson. V. Cell 60. 473-485 (1990). The hyper- 
vanable locus D1S8 (probe MS32) has two clises 

sindeT ^ ^ " ,d **» *« " 

30 ^ f ubst,tution which crea,es or d ^ys 

HaeF L?H n Sit9 - ' nterSpera0n patte ^ of 

^LScST repeat uni,s - bv 

nrJr tf,is i am P ,ificati0 ". «wo different MVR-specifi C 
pnmers wh«ch prime off either a-type or t^po 
* W« unite are used. Amplification Sng o e or 
other pnmer together with amplimer 32D from a 

Si! 9 thS minisate '"'te inking DNA gen- 
erates two complementary sets of products from 

- TJtX™ end of ** MS32 a,,ete - ^ 

which the MVR map can be deduced. To prevent 

of MVRTn 8 Sh r 0rtenin9 31 ^ PCR <** ^ 
of MVR-speafic pnmers priming internally in PCR 

snr det r on and subs ^ 

cation were uncoupled by providing each MVR- 

r-TAr 6 : wiui a 2 °- nuc,eot,de w 5 * ^2- 

low JntL an f Car 7 in9 ° Ut ^P'^tions with a 
tow oncentration of one or other tagged primer 

ZF^r*"*" 9 ******* ™~ 

50 ber to mS 2 °",m MVR " PCR 31 " mited cvde 

J* = 0n ; nuous complementary ladders of 
PCR products detectable by fluorescent labels dur- 
mg continuous electrophoresis. As described 

STS PnmerS ^ ,abe ' ed With "oar-infrared 
™l? h 7 Se sequencina to generate a binary 
code that serves as a marker. 
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«• only be performed b^m^STT" 8 
may suddIv data J«. ^ 5taton ,2n - » 

'22A aS y ,2? B " 1 t rem0,e such as 

nected^VrSve 0 ^? * ? "ar- 
rangement TcenJa, ^ ^ "» ~ 

stations. such „ 122A 0r ™£ the remote 
capability surh •„ B ' tor '"creased 

^i^^srz? nun,ber 

fencing. s^Ttol ticJST?- 
or the like. electrophoresis potential 

«" !en2 Sti^Jr 3 S, ' mP "' fi9d VfeW " 

readouts a WahJ» ^ dis P ,a y 

mote system 122A ,«= JL , 10, 0,6 re " 

front cover li^av ^ *° 
electrophores f Son * 6xpose *" 

«« ■» gel Z be I? P ? tenHa ' ^ 
readouts may be iLi, ^ ^ dBhrent data 
provided wShh d e,th6r from ^ysfe 

Jalu slomtth^ thT* SyStem 120 ^ 9 o 
( ne »«£ Cpad i r^T'° n 

displayed on the £? rt , f? d "* Se,ected 

1M1 of FIG S l *" throu 9 h lines 

power suppty 144 7*11 electrophoresis 
144A, an 2k££l fiT **» section 

J- eiectroph^ecrn^ is 14 * 

■*w ana the digita board 14fi &n «. 
apparatus are electrieX ' of 016 

^th^ootr* dna 

-PPor. Sn^^ W talhr assembly 1 52 . 

% 151 positioned T^S??*' 
sandwich 150 in L 6 bottom of "» 9* 

gel sandvih 150 ° rS**""* ° f ^ ■* 

142. ' 51 SC3nned «* *• scanning section 



of each par being sSln Re Jf 62 !"* 0ne 
s ture control heating plate iw S ' ' * mp8 * 
shown a, 168M«S I ?TO ^if? ^ 

ture is supported on *T ent,ra s1ruc - 

160 and fS. W ** ' 0wer side brackets 

W . 162^ rlT Sid6 bfaCkeb 160 - d 

and hrtd 961 150 

nmg s^ on 1^1" JUXtepOS,Uon ^ scan- 
16W «S If, Pap8r 33 Snown 33 166A- ' 

«an « at a constant seleSd 2? man * 
20 degrees to 80 degrees , ran " 0f 30 

f uorescenca with m.w c " 750 to ^use 

'■•^^^^^■^ 

30 scope^l^t?^ "'^ "» 

the gel sandwich 150 9 C °' umns in 

™tor 184. a slidable suppoTies S, fT 9 
- P"«y arrangement 185. Si "* 
P'ate 180 is bolted to fh. ^ e moun fing 

168 and suLrtHn 2 aPP3rtUS SUpDOrt P'^e 

resoart m fh . m,crosc °P e assembly 172 with 
rcspecr to the gel sandwich 150. the slfdabie S up- 
55 ^1 , su PPOrts the microscope assembly 172 
55 " d . d,ode ^sembly and sfidably res Juoln hf 
bear no oiate mo a . y upon 

Ping motoMs]^ UtPUt Shaft 183 of,h e step- 
fa? S Tas ' ?, 3 PU " ey 1888 P"«ey 
' ^ 185 ' ^ P u,fe y 188A and the pulley 1888 
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drives a belt (not shown) that is damped to the 
sl.dable support 186 to move it the length of the 
gel sandwich 150 during scanning by the laser 
. ode and microscope assembly 172 which rest 
S)n it The stepping motor 184 under the control 

I h 0 '^ the di9i,a, to** 148 moves the 
pulley 188B to move the belt (not shown) and thus 
cause scanning across the gel sandwich 150. 

As shown in this view, the electrophoresis pow- 
er supply 144 is electrically connected to buffer in 
the upper buffer assembly 152 through an elec- 
hcal connector 194 and to the lower buffer assem- 
bly 151 through a connector not shown in FIG. 11 

The upper buffer assembly 152 includes walls 
197 forming a container to hold a buffer solution 
195 and a cover 199 formed with a lip to fit over 
the walls 197 from the top and containing a down- 
wardly extending flat member spaced away from 
the side walls and holding a conductor 211. The 
conductor 211 is electrically connected to the 
source of power through connector 194 which is 
mounted to the top of the cover 199 to permit 
electncal energization of the buffer solution 195 

The bottom buffer assembly 151 includes en- 
closed walls 201 defining a container for holding a 
buffer solution 203 and a cap 205 closing the 
contamer 201 and having a downwardly extending 
portion 213 extending into the buffer 203 for sup- 

, "IS I « ndUCt0r 207 fW flying energy to the 
!. torn buffer solution 203. The gel sandwich 150 
extends downwardly into the buffer solution 203 
and upwardly into the buffer solution 195 to permit 
the electncal contact for electrophoresis. 

uJHJ^ I 2 ;- thero is shown a sect ' ona ' view 

taken through Unes 12-12 of FIG. 10 showing the 

42 and the electrophoresis power supply section 
44 mounted together to illustrate from a top view 

168, the heater plate 164. the gel sandwich 150 a 

Zr?™ a S emb ' y 172 ^ a P ho ™™° as- 
sembly 174. The heater plate 164 and apparatus 
support plate 168 have slots running in a horizontal 
directoon orthogonal to the lanes of DNA in the 
electrophoresis section 140 sized to receive the 
ends of a laser diode assembly 170 and the micro- 
scope section 172 for scanning thereof 

of nL°A C r P H ra, ° With * e Separation ^ s «™ing 

fl?^ f 5, *• 981 Sandwich 150 a 
front glass plate 200. a gel section 202 and a rear 

glass plate 204 mounted in contact with the heater 
Plate 164 and having a section exposed for scan- 
ning by the laser diode assembly 170 and the 

m,cr OS cope assemb, y m - rear glass p | ate 
i contacts the heater plate 164 and is separated 
•n the front plate 200 by the gel section 202 

within which DNA separation takes place. 



To transmit light to the gel sandwich 150 the 
laser diode assembly 170 includes a housing 210 
a focusing lens 212. a narrow band pass filter 214 
a collimating lens 216 and a laser diode 218 The 
s laser diode 218 emits infrared or near infrared light 
which is collimated by the laser collimating lens 
216 and filtered through the narrow band pass 
infrared filter 214. This light is focused by the 

focusing lens 212 onto the gel sandwich 150 Pref- 
jo erably. the point of focus on the gel section 202 of 
the gel sandwich 150 lies along or near the central 
long.tudinal axis of the microscope section 172 and 
the photodiode section 174. 

The thickness of the glass plates and the gel 
'5 the position of the laser and sensor and their angle 
pf incdence are chosen, taking into consideration 
me refractive index of the gel and glass so that the 
light from the laser is absorbed by a maximum 
number of markers for one channel. The light from 
019 laser 13 directly reflected back because the 
angle of incidence to a normal is equal to the 
Brewster's, angle at the first interface and is such 
a? to impinge on the markers with full intensity 
after refraction but not be reflected by subsequent 
* ayers of the gel sandwich 150 into the sensor and 
J» sensor views a large number of markers that 
fluoresce in a line of sight of substantial concentra- 
tion. 

To maintain temperature control over the laser 
3° diode the housing 210: (a) is coupled to a heat 
sink through a thermal electric cooler 220. and (b) 
encloses the focusing lens 212. narrow band pass 
filter 214, collimating lens 216 and laser diode 218' 
and (c) accommodates the electrical leads for the 
35 diode. 

To receive and focus light emitted by fluores- 
cent markers from the gel section 202 in response 
to the light from the laser diode assembly 170 the 
rnicroscope assembly 172 includes a collection 

* S? 2°' 3 h ° USi " 9 232 3 «"P*ns section 
234. The microscope assembly 172 is adapted to 
be positioned with its longitudinal axis centered on 
the collection lens 230 and aligned with the 
photodiode section 174 to which it is connected by 
« Jie coupling section 234. For this purpose, the 
housing 232 includes a central passageway in 
Which are located one or more optical filters with a 
band pass matching the emission fluorescence of 
the marked DNA strands along its longitudinal axis 
so from the axis of the collection lens 230 to the 
coupling section 234 which transmits light to the 
photodiode section 174. With this arrangement, the 
collection tens 230 receives light from the fluores- 
cent material within the gel section 202 and col- 
55 limates the collected light for optical filtering and 
then transmission to the photodiode assembly 174. 

To generate electrical signals representing the 
detected fluorescence, the photodiode assembly 
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174 includes a housing 240 having within it. as the 
principal elements of the light sensors, an inlet 
window 242, a focusing lens 244, a sapphire win- 
dow 246 and an avalanche photodiode 248. To 
support the avalanche photodiode 248, a detector 
. mounting plate 250 is mounted within the housing 
240 to support a plate upon which the avalanche 
photodiode 248 is mounted. The inlet window 242 
fits within the coupling section 234 to receive light 
along the longitudinal axis of the photodiode as- 
sembly 174 from the microscope assembly 172. 

Within the housing 240 of the photodiode as- 
sembly 174, the sapphire window 246 and ava- 
lanche photodiode 248 are aligned along the com- 
mon axis of the microscope assembly 172 and the 
photodiode assembly 174 and focuses light trans- 
mitted by the microscope assembly 172 onto a 
small spot on the avalanche photodiode 248 for 
conversion to electrical signals. A thermoelectric 
cooler 252 utilizing the Peltier effect is mounted 
adjacent to the detector mounting plate 250 to 
maintain a relatively cool temperature suitable for 
proper operation of the avalanche photodiode 248. 

The lower buffer assembly 151 (FIG. 11) in- 
cludes outer walls 201 and a bottom wall forming a 
compartment for buffer solution which encloses the 
bottom of the gel sandwich 150. 

As best shown in this view, the stepping motor 
184 rotates the belt 185 to turn the pulley 188A. 
rfhich, in turn, rotates pulley 188B. The pulley 
188B includes a belt 177 extending between it and 
an idler pulley 179 and attached at one location to 
the siideable support 186 to move the scanning 
microscope and laser lengthwise along the gel 
sandwich 150 for scanning purposes. The motor 
184 by moving the carriage back and forth accom- 
plishes scanning of the gel sandwich 150. 

In FIG. 13, there is shown a fragmentary per- 
spective view of the gel sandwich 150 and the 
upper buffer assembly 152 mounted to each other 
showing the outer glass plate 200 cut away from 
the rear glass plate 204 to expose the gel section 
202 to buffer solution within the upper buffer as- 
sembly 152. With this arrangement, samples may 
be pipetted between the glass plates 200 and 204 
and moved downwardly by electrophoresis beyond 
the upper buffer assembly 152 and through the gel 
sandwich 150 to the bottom buffer (not shown in 
FIG. 13). 

In FIG. 14, there is shown a broken away view 
of the gel sandwich 150 illustrating the upper buffer 
assembly 152 and the lower buffer assembly 151 
connected to it at each end. As shown in this view, 
the cover 199 includes a connecting post 214 
^hich receives the conductor 211 for connection to 
.ne downwardly extending portion of the cover 199 
into the buffer compartment. Between the glass 
piates 200 and 204 (FIG. 13) of the gel sandwich 



150, are a plurality of downwardly extending reces- 
ses 221 in the gel section 202 (FIG. 13) between 
the plates. DNA sample is pipetted into these re- 
cesses to form channels for electrophoresing to the 
5 lower buffer assembly 151. 

To form an electicai connection through the gel 
sandwich 150 from the upper buffer assembly 152 
to the lower buffer assembly 151, a conducting 
post 216 is connected to the cover 205 of the lower 
10 buffer assembly 151 for receiving the conductor 
207 which extends downwardly to the downwardly 
extended plate 213 and into the buffer solution. 

In FIG. 15, there is shown a block diagram of 
the circuitry used to control the remote station 
75 122A of the embodiment of FIG. 11 having a con- 
trol, correlation and readout section 250, the scan- 
ner drive 176, the motor assembly 184 for moving 
the scanner drive 176. and the sensing configura- 
tion 252. The sensing configuration 252 includes 
20 the laser assembly 170 and the sensor assembly 
174 which receives signals, removes some noise, 
and transmits the signals for display and read out 
in the control, correlation and read out section 250 
while the scanner drive 176 and motor for the 
25 scanner drive 184 receive signals from the control, 
correlation and read out section 250 to control the 
motion of the sensor back and forth across the gel 
sandwich. This overall configuration is not part of 
the invention of this application except insofar as it 
30 cooperates with the sensing configuration 252 to 
scan the DNA and determine its sequence in ac- 
cordance with the embodiments of FIGS 9-14. 

To drive the sensor 174 from position to posi- 
tion, the motor assembly 184 includes a stepper 
as motor 254 and a motor driver 256. The motor 
driver 256 receives signals from the control correla- 
tion and read-out section 250 and actuates the 
stepper motor 254 to drive the scanner drive 176. 
The scanner drive 176 is mechanically coupled to 
40 a stepping motor 254 through a belt and pulley 
arrangement for movement back and forth to sense 
the electrophoresis channels on the gel sandwich 
150 (FIG. 12). The stepping motor 254 and driver 
circuitry 256 are convention and not themselves 
45 part of the invention. 

The control, correlation and read out system 
250 includes a computer which may be any stan- 
dard microprocessor 260, a television display or 
cathode ray tube display 262 and a printer 264 for 
so displaying and printing the results of the scans. 

To sense data, the sensing configuration 252 
^ includes in addition to the laser 170 and the sensor 
174, a chopper circuit 270, a sensor power supply 
272, a preamplifier 274, a lock-in amplifier 276, a 
55 6-pole filter 278, a 12-bit analogue digital converter 
interface circuit 280 and a laser power supply 282. 

The sensor 174 receives light from the laser 
170 after it impinges upon the gel sandwich 150 



27 



EP 0 592 060 A1 



28 



7. 



A method according to claim 5 characterized 
in that the light from the diode laser (170) is 
scanned at an angle to the surface being 
scanned equal to the Brewster's angle. 

Apparatus for typing DMA comprising: a gel * 
electrophoresis slab (202); means for establish- 
ing electrical potential across gel elec- 
^ophoresis slab (202); means for applying 
DNA samples at a plurality of locations (221) „ 
for electrophoresing in a plurality of channels 
through said gel electrophoresis slab (202)- 
means for separating DNA samples in accor- 
dance with the size of DNA fragments in said 
ge electrophoresis slab (202) and; means for ,« 
detecting bands of separated DNA fragments 
characterized in that the means (248) for sens- 
ing light includes photocell means for scanning 
the separated samples photoelectrically at the 
em.ss.on frequency of the marked DNA; said 20 
means for scanning including a laser (170) and 
means for comparing the sensed patterns of 
DNA. wherein bases are detected from the 
patterns so that individuals are identified. 

DNA sequencing apparatus according to claim * 
7 characterized by means for scanning across 
channels at the same time fluorescently 
T ? e,ectro P nor ^ along said gel 
(202) the bands of the more mobile strands in „ 
at least one channel are fully resolved while 
some of the less mobile strands to be later 

formed into bands are unresolved in a continu- 
,k» , ^ ^ 



diode laser (170) is scanned at an angle cho- 
sen to .mpinge on the bands with full intensity 
after refraction but not be reflected into the 
microscope. 

12. DNA sequencing apparatus according to claim 
11 characterized in that the light from the 
d.ode laser is scanned at an angle to the 
surface being scanned equal to the Brewster's 
angle. 
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(FIG. 12) and transmits the signals through pream- 
plifier 274 to the lock-in amplifier 276. ? seZ 
receives s.gnals from the sensor power supply 272 
( he chopper circuit 270 provides pulses at S yn-' 
-nronized frequencies to the lock-in amplifier 276 5 

<„n«? e ,oT r 170 r ** ives e° w * f ™ *° Power 
supply 282 which is controlled by the chopper 
orart 270 so that the signal from "the Iser £^ 
synchronism with the signal applied to the lock-n 
amp Mer 276 so that me output from me £j „ 
ampler 276 to the 6-pole filter 278 disrates 
Km* unwanted signal frequencies. Th^g S s 
on erted to a digital signal in the 12-bit analogue 

L ffS C ° nV9rter 280 WhiCh Serves as * inler- 
race to the computer 260 

be s?^jL arra • n9emen, • ScanninQ ^y " 
chm „ ^ ? SCnm,nate <*0*n* noise and the syn- 
chron.zed^demodulat.on from the chopper ooZ 
further reduces noise, particularly discnminafng 



trophoresing in at least one of a plurality of 
channels (e.g. 26A. 26G, 26C. 26T) through a 
gel electrophoresis slab (27. 202); establishing 
e ectncal P 0 * 6 "^ (53A.47H) across said gel 
electrophoresis slab (27. 202) wherein the DNA 
fragments are resolved in accordance wfth the 
size of DNA fragments in said gel elec- 
trophoresis slab into marked DNA bands- and 
detecting the separated bands characterized in 

«v „fi uT T 6 01 the 63568 ™» ""orescen- 
tly marked and a laser (120) scans the bands 
with scanning light at a scanning light fre- 
quency within the absorbance spectrum of said 
fluorescently marked DNA fragments; light is 
sensed photoelectrically at the emission fre- 
quency of the marked DNA fragments; after 
sequencing the sensed labels from the pat- 
terns are compared, wherein individuals are 
identified. 
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